A solid-state gamma-ray detector has been developed which exhibits directionality. Four PIN diode detectors are backed with Pb and arranged in a square array which exhibits an angular response to gamma rays.
Introduction
The availability of PIN diode detectors with reasonable sensitivity to x-rays and low-energy gamma rays has made possible the development of convenient, low-power, portable radiation-measuring instruments. Because of the availability of PIN diodes with reasonable sensitivities, it is feasible to build such an array which is suitable for field-portable use.
Our prototype detector consists of a planar array of PIN diodes mounted on the faces of a Pb cube.
Two versions have been constructed. The first consisted of 4 PIN diodes on the faces of a 1 cm cube.
The second version has 4 PIN diodes on each face of a hollow Pb cube.
In bo t cases, the Pb thickness is 1 cm which, for Co gamma rays, provides a front/back ratio of approximately 3 for opposing detectors. The second version is shown in Fig. 1 . The Pb cube is partly hidden under the teflon mounting plate, and it is inserted into the detector package which has the PIN diodes mounted on the inside surfaces of the teflon block. The angular response function for each detector is approximated quite well by a biased cos (0/2) function.
The sensitivity of PIN diodes decreases rapidly with energy, but it can be enhanced at higher energies by backing the diodes with a high-Z material.
Measurements of the sensitivity of the PIN diodes as a function of the thickness of the high-Z backing show a significant enhancement of the intrinsic diode sensitivity for gamma-ray energies above 100 keV.
This enhancement is provided by the Totalizing the counts provides a measurement of the intensity being received from this quadrant.
Second, the counts are identified in pairs as belonging to the detectors most nearly aligned along the source direction and those transverse to this direction. The ratios of these pairs of counts are than calculated.
Third, these two ratios are compared with a look-up table containing ratios measured from the angular response of the detector array and the angles identified for these two ratios.
Because of statistics, these two angles rarely agree exactly, so a weighted average is taken which takes into account the reduced sensitivity to angle of the count ratio as the source position approaches a direction normal to one face.
(In effect, the two side detectors determine the angle when the source is normal to a face. ) This average angle and the measured intensity are used to produce a logarithmic polar plot identifying the source direction with respect to the array. Discussion The prototype detector described here has 98 en set up to provide angular lsection of Co (and, with less accuracy, Cs) gamma rays.
Its characteristics are such that straightforward design modifications should make it generally applicable to a range of energies.
The angular response of the array depends upon gamma-ray energy, and its sensitivity is a strong function of energy as well.
Since the detector pulse-height spectrum contains very little energy information, some means of determining the appropriate angular function for the gamma energy being detected is necessary.
One approach which we are investigating is to shim the detector package so that all gamma-ray energies over a range of interest produce essentially the same angular function. 
